Matt Mountain
11th Cvtober 201 0

Views expressed
mine,and not represe =
of those whose charts | stole



Myﬂ«s Our com mum%v Llove.

= Mmost of the budget goes to flagships, or operating flagships, or flagships “eat
the lunch™ of other missions when they overrun.

= JIWST did “eat our lunch...”
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Relying on data, nok m ythology

SMD Balances Large, Medium, and Small Missions
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Relying on data, not mythology

“without JWST,
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Myths our community Love...

= o LUVOIR will cost at least $208B.....

How do we know this?

= well, just scale JWST....."the Katrina of Astrophysics”
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Multivariable Parametric Cost
Models for Space and Ground
Telescopes
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FINDING

O 1A is not Largest Mission Cost Element
OTA ~12%
Spacecraft and Instruments ~ 50% (Invest here to reduce §)
Program Management & \_\~.h:|‘.1» Lngineenng ca;x..qf\(‘i’l A (55S)
I&T ~ 10% (maybe another 10 to 15% of Subsystems)

Example of Mission Spectfic 15 Sun Shade for JWST

Pyl Space Observaiory Cost Beeadown
N— . IV I

= (Optical Telescope Assembly (OTA) ~ 12% of mission cost ,so if LUVIOR’s mirror cost 4x JWST, it would

increase JWST'’s “price” by $2B ~ $3B..

= Spacecraft and Instruments apparently always account for ~ 50% of total cost

=27 as Casani 2010 (ICRP) said..with optimum funding profile JWST minimum-cost-to-launch= $6.5B

see: http://www.nasa.gov/pdf/499224main_JWST-ICRP_Report-FINAL.pdf

= ANTD estimated costs of cooling JWST to 40K ~ $2B..

..(see L. Feinberg next STDT meeting)

Bottom-Lline: real mission costs for a warm LUVOIR are not “intuitively scaleable”..

(iks Like comparing the cost of a segmented architecture to a new 4m monolith techinology requiring as yet to be developed star-shade technology.. )



Myths our community love...

= Decadal Surveys have only selected missions < $3B
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The story so far, with a few details to fill ...

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern
400,000 yrs.

Development of
Galaxies, Planets, etc.

Dark Ages

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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Observable Drake Equation
affer Reid & Hawley, & Sedger)




e o theguardian

J Proxima b: could we live on this newly Astrophysicists Have
found planet - or could something else? Been Looking For

Exoplanets Like

ntcamtounccmmthatsdcnmminkﬂmymyluwfmmapmmmbitm Proxima B Since The

the star nearest to our sun is potentially big news - even if it woul e Y
years to get there . would take 70,000 19th Centurn

One Star Over, a Planet That Might

"The discovery ... provides an obvious target for a flyby mission," Avi
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1vicGai iIGis Loeb, a physicist at Harvard University and a Starshot mission advisory ™,
Stop de Scribing a planet as 'Earth- committee chair, wrote in an email to Business Insider. |
like unless it really 1s ' Rusian bllonse Yor Mine hkds 1  Stasho

“StarChip” prototype during an April 12, 2016, press
conlerence i New York

Q: Can our suite of current & next generation
felescopes directly image Proxima e




Required Suppression

Q: Can our suite of current & next generation
felescopes directly iImage Proxima be

y

1,000

Million

Billion

Trillion

0.1” 17
Star-Planet Separation




O{: two A E)H: erenlt colliders...

95% CL Limit/'SM
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The Higgs
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Imagine the moment...
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Number 42: April 1, 2016

Congressman Culberson Hosts Hearing to Highlight NASA's
Search for Extraterrestrial Life

"We Live in an extraordinary time where the scientific community
has revealed to the world that there are as many earth-like planets
as there are stars in the sky. The amazing discoveries that Kepler
[space observatory] has made...and the possibility for life on those
other worlds and indeed within our own solar system has become

very, very real.”

Commerce, Justice & Science Committee
(e.g. NASA & NSF)




FYl: The AIP Bulletin of Science Policy News

A publication of the American Institute of Physics

Number 42: April 1, 2016

Congressman Culberson Hosts Hearing to Highlight NASA's
Search for Extraterrestrial Life

In his opening statement, subcommittee ranking member Mike Honda (D-CA) nearly matched
Culberson in his fascination with the scientific questions behind the search for extraterrestrial
life

Congressional
Appropnations
House
Senate

Commerce, Justice & Science Committee
(e.g. NASA & NSF)

()
-
l-’:‘
L
- —
| -
0
L
O
pra—
>
—
@
QD
.
QO
>
o

New Kepler Planet Candidates
As of July 23, 2015

() As of Jan 2015
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Orbital Period in Days




Budgets:
NASA, NSF, DoE

Congressional
Appropriations
House
Senate

Congressional
Authorization
House
Senate

Blue Ribbon Reports
National Academy
Decadal Surveys
Congressional Hearings

Projects:
JWST, LSST, WFIRST

Language:

The President “The Administration will ..”

OMB, OSTP
NASA

NSF

~ -

President proposes,

Policy & funding framework - Congress disposes |
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The Founding Fathers purposely created a “Rube Goldberg like” system
pbasic assumption: no one constituency has a monopoly on wisdom

arochial/ stoke
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Budgets:
NASA, NSF, DoE

Congressional
Appropriations
House
Senate

Congressional
Authorization
House
Senate

Blue Ribbon Reports
National Academy
Decadal Surveys
Congressional Hearings

Projects:
JWST, LSST, WFIRST

Language:

The President “The Administration will ..”

OMB, OSTP
NASA

NSF

Policy & funding framework President proposes,
p Congress disposes




Why did TPF-C, and then SIM flounder?

Hubble user community in 2009 ~ 10,000

| Talk at JPL circa. 2009]



What is the breadth of the science case?

...observe structures the
size of Manhattan at the
orbit of Jupiter...




...track dark matter in
the smallest, densest
galaxies, by watching the
motion of stars...




... map the nearly
invisible diffuse gas that
feeds the growth of
galaxies. ..




... detect every star-
forming galaxy during the
epoch when the Milky
Way was forming. ..




smallest building
blocks ...

the Universe into its
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... detect dozens of
Earth-like planets to

search for evidence of
life.




Drive revolutions across

astrophysics?



Ground based - Space based differentiation & synergy

1. Congress almost killed HST because California was building the 10m W.M Keck Telescopes
2. It has been easy to demonstrate the IR JWST can not be “out-classed” by ground based telescopes



The next transformational mission for Astrophysics
will, once again require all three legs for support
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Great Observatories
support a diverse range
of science, at all scales,
allocating hundreds of
small programs each
year to individual

Hubble + JWST user community in 2016 ~ 12,000 University Pl's




“The most important experiment in modern biology is the
search for extra-terrestrial life.”

‘wa

21st Century astronomerii,
be uniquely positioned to  study
“the evolution of the universe. m
order to relate causally the phys:Ce&l v
conditions during the Big Bang: tO
the development of RNA and
DNA” Riccardo Giacconi
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- E£. O. Wilson
Evolutionary Biologist

»

June 2012



The search for Life is a multi-disciplinary endeavor
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To usurp a phrase from Alan Dressler, only once
in the history of sentient species is this corner
turned, the discovery they are no longer alone in
the Universe.

As you all well know, with what we understand
today about Exo-planets and the technologies we
now have at our disposal, LUVOIR could enable
this generation to uniquely take this turn, ushering
in an irreversible revolution as profound as those
brought about by Copernicus and Darwin.



At a more pragmatic level, in the era of ALMA, JWST,
LSST and at least one ~40m ELT, we already know
where the observational limits of Astrophysics will lie by
the late 2020's, and an incredible landscape of science

that will be untouched unless we launch something of
the capabilities of LUVOIR.

And you must succeed, or there will be a generation of
Astrophysicist's without their equivalent of HST, or
JWST: our future Astrophysicists need your shoulders to
stand on. Who else can provide this future?



